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1. A microcrystal coinrirising: 

a) a derivatized protein selected from the 
group consistirig of derivatized insulin, 
derivatized insulin analogs, and 
derivatized ptfoinsulins; 

b) a conqplexing Compound; 

c) a hexamer- stabilizing ccsnpound; and 

d) a divalent nietal cation. 



2. The microcrys 
coraplexing compound is protj 
0.15 mg to about 0.5 ing 

3. The microi 
divalent metal cation 
mole to about 0.7 mol* 

4. The 
hexamer- stabilizing c< 
selected from the 



mi crocrys tal 



group 



of C laim 1 , wherein the 
line which is present at about 
3.5 mg of derivatized protein. 

of Claim 2, wherein the 
which is present at about 0.3 
lie of derivatized protein, 
of C laim 3, wherein the 
id is a phenolic preservative 
consisting of phenol, m-cresol, o- 



cresol, p-cresol, chlorocresol , methylparaben, and mixtures 
thereof and is preser/t in sufficient proportions with 
respect to the derivatized protein to facilitate formation 
of the R6 hexamer cpnformation. 



The 



prote; 



5. 

derivatized 
group consisting 
analogs. 

6. 

derivatized pi 
7 



Lcrocrystal of Claim 4, wherein the 
is an acylated protein selected fr<Mi the 
it acylated Insiilin and acylated insulin 

microcrystal of Claim 5, wherein the 
is a fatty acid- acylated insulin. 



ein 



microcrystal of Claim 6, wherein the 
derivatized pj^otein is insulin that is acylated with a 
straight -chain, saturated fatty acid. 
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The microcrystal of Claii 



wherein the 



derivatized protein is insulin that is mono-acylated at the 
LysB2.9-Ne amino group of insulin. / 

9 . The microcrystal of Cl^iiQ, 8 , wherein the 
derivatized protein is acylated with a fatty acid selected 
from the group consisting of n-hexanoic acid, n-heptsuioic 
acid, n-octanoic acid, n-nonanoic acid, and n-decanoic acid. 

10. The microcrystal of Claim 9, wherein the 
derivatized protein is selected from the group consisting of 
B29-Ne-hexanoyl-human insulin, B29-Ne-octanoyI-huaian 
insulin, and B29-Ne-decanoyl-huni^ insulin. 

11. The microcrystal of Claim 8, wherein the 
derivatized protein is acylat^ with a fatty acid selected 
from the group consisting o£r lii-dodecanoic acid, n-- 
tetradecemoic acid, and n-hexy(|ep«moic acid. 

12 . The microc3:ysttal of Clsdm 7 , wherein the 
fatty acid-acylated insulin/is a di-acylated insulin that Is 
acylated at the LysB29-NE-amlno group and is also acylated 
at one N- terminal Na- amino group, and wherein the fatty acid 
is selected from the groiw consisting of n-hexanoic acid, n- 
heptanoic acid, n-octanoiTc acid, n-nonanolc acid, and n- 
decanolc add. / 

13. The microdrystal of Claim 6, wherein the 
derivatized protein is Ansulln th at is acylated with a 
breuiched- chain, saturated fatty acid. 

14. The microcrystal of Claim 13, wherein the 
branched, saturated satty acid bas frcch three to ten carbon 
atoms in its longest/ branch. 

15. The microcrystal of Claim 5, wherein the 
derivatized protein is a fatty acid-acylated insulin analog. 

16. The /microcrystal of C laim 15, wherein the 
derivatiz d protein is an insulin analog that is acylated 
with a straight-ohain, saturated fatty acid. 
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17. The microcrystal of ClaML,16, wherein the 
derivatized protein is mono-acylated at the Ne- amino ^roup. 

18. The microcrystal of Cl aim 17, wherein the 
derivatized protein is acylated with /a fatty acid selected 
from the group consisting of n-hexanbic acid, n-heptanoic 
acid, h-octanoic acid, n-nonanoic adiid, and n-decanoic acid. 

19. The microcrystal of Claim 18, wherein the 
derivatized protein is selected frfiin tHe group consisting of 
fatty acid-acylated animal insulins, fatty acid-acylated 
monomeric insulin analogs, fatty acid-acylated deletion 
analogs, and fatty acid-acylated/pl-shif ted insulin analogs. 

20. The microcrystal of Claim 19, wherein the 
derivatized protein is fatty aoid- acylated des (B30) -human 
insulin analog, fatty acid-acylated LysB28, ProB29-human 
insulin analog, or fatty atid/acylated AspB28-h\imsui insulin 
Euialog . Vxf^'^ 

21. The mlcrociryrstea of Claim 20, wherein the 
derivatized protein Is fatty acid-acylated des (330} -human 
Insulin analog. / 

22. The mlcrocsystal of Claim 17, wherein the 
derivatized protein Is adylated with a tatty add selected 
from the group consistingr of n-dodecanolc acid, n- 
tetradeceinolc acid, and/n-hexadecemoic acid. 

23. ' The microcrystal of C laim 22, wherein the 
derivatized protein 1^ selected from the group consisting of 
fatty acid-acylated aAimal- insulins, fatty acid-acylated 
monomeric Insulin analogs, fatty acid-acylated deletion 
analogs, .and fatty afcid-acylated pl-shlfted insulin analogs. 

24. The microcrystal of Claim 23, wherein the 
derivatized proteih is fatty acid-acylated des {B30) -human 
insulin analog, fatty acid-acylated LysB28, ProB29-human 
insulin analog, or fatty acid-acylated A8pB28-h\unan Insulin 
analog. / 
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25. The microcrystal o£ Cl aim 24 ^ wherein the 
derivatized protein is fatty acid-acylated des (B30) -humem 
insulin analog. / 

26. The microcrystal of CLkim 25, wherein the 
5 derivatized protein is B29-Ne-myrist6yr-de8 (B30} -human 

insulin analog. / 

27. The microcrystal of claim 26, wherein the 
derivatized protein is B28-Ne-myri^t'oyl-LysB28 , ProB29-huinan 
insulin analog. / 

10 28. The microcrystal of Claim 15, wherein the 

derivatized protein is an insul/n coialog that is acylated 
with a branched- chain, saturate^/fatty acid. 

29. The microcrysta/l of C laim 28, wherein the 
branched chain, saturated fatty acid has from three to ten 

15 carbon atoms in its longest A>ranch. 

30. The microcrystal of Claim 1, wherein the 
microcrystal has rod-like Anorphologyl^ ' 

31. The microci^stal of Claim 1, wherein the 
microcrystal has irregular morphology. 

20 32. A suspena^ion formulation comprising an 

insoluble phase and a solution phase, wherein the insoluble 
phase is conprised of ^he microcrystal of Claim 1, and the 
solution phase is caahrlBed of water. ^ 

33. A susi/ension formulation comprising an 

25 insoluble phase and/ a solution phase, wherein the insoluble 
phase is comprisecy of the microcrystal of Claim 2 and the 
solution phase is/comprised of water. 

34. The suspension formulation of Claim 33, 
wherein the solution phase is further conprised of a 

30 phenolic preservative at a concentration of about 0.5 mg per 
mL to about 6 mg per roL of solution, a pharmaceutically 
acceptable burfer, and an is tonicity agent. 
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35. The suspension formulatiojn of Claim 34, 
wherein the solution phase is further obinprised~oT'in^^ 
an insulin analog, an acylated insulin/ or an acylated 
insulin analog. / 

36. The suspension formula/tion of Cl aim 3 5, 
wherein the solution phase is comprised of insulin. 

37. The suspension formulation of Claim 35, 
wherein the solution phase is conmtised of an Insulin 
analog . / 

38. The suspension foaftnulation of Claim 37, 
wherein the insulin analog is a/monomeric insulin analog. 

39. The suspension formulation of Claim 38, 
wherein the insulin analog LysB2 8 , ProB2 9 -human insulin 
analog. / I / 

40. The suspenaidn fonrvulation of Claim 32, 
wherein the solution phas^ is further comprised of zinc and 
protamine, wherein the rat/io of zinc to derivatized protein 
in the suspension formula/tion is from about 5 to about 7 
mole of zinc atoms per m61e of derivatized protein, and the 
ratio of protamine to ddrivatized protein in the suspension 
formulation is from aboUt 0.25 mg to about 0.5 mg per mg of 
derivatized protein. / 

41. A process for preparing the microcrystal of 
C laim 1 comprising; / 

a) dissolving a derivatized protein, a hexamer- 
stabi/lizlng compound, and a divalent metal 
catibn in an aqueous solvent having a pH that 
will permit the formation of hexamers of the 
derivatized protein, and 

b) adding a complexing compound. 

42. a/ process for preparing the microcrystal of 
Claim 1 con^risingi 
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a) 



b) 



c) 

43. 



dissolving a derivatized Protein, a hexamer- 
stabilizing compound, and a divalent metal 
cation in an aqueous soLVent having a pH that 
will not permit the for^tion of hexamers of 
the derivatized proteirl, and 
adjusting the pH to be/tween about 6.8 and 
about 7.8; and / 
adding a con^jlexing yfc:on5>ound. 
A method of treating diabetes comprising 
administering the formulation of /claim 32 to a patient in 
need thereof in a quantity suffi/cient to regulate blood 
glucose levels in the patient. / 

44. An amorphous prefcipitate comprising: 

a) a derivati^^ protein selected from the 
group cortfeiltihg of derivatized insulin, 
derivatized/ansulin analogs, and 
derivatizya proinsulins; 

b) a coxnplexing compound; 

c) a hexam^r- stabilizing compound; and 

d) a dival/ent metal cation. 

45. The amorohous precipitate of C laim 4 4, 
wherein the complexing' compound is protamine which is 
present at about Cis/mg to about 0.5 mg per 3.5 mg of 
derivatized protein./ 

46. The am/orphous precipitate of C laim 45, wherein 
the divalent metal yfcation is zinc, which is present at about 
0.3 mole to about 6.7 mole per mole of derivatized protein. 

47. The Amorphous precipitate of Claim 46, wherein 
the hexamer-stabiaizing compound is a phenolic preservative 
selected from thi group consisting of phenol, m-cresol, o- 
cresol, p-cresor, chlorocr sol, methylparaben, and mixtures 
ther of and is Present in sufficient proportions with 
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respect to the derivatlzed protein to facilitate formation 
of the R6 hexamer conformation. / 

48. The amorphous precipit^e of Claim 47, wherein 
the derivatized protein is an acylated proteirTiBelected from 
the group consisting of acylated insulin and acylated 
insulin analogs . / 

49. The amorphous precimtate of C laim 48, wherein 
the derivatized protein is a fatty acid-acylated insulin. 

50. The amorphous precipitate of Claim 49, wherein 
the derivatized protein is insulin that is acylated with a 
straight-chain, saturated fattV acid. 

51. The amorphous precipitate of Claim 50, wherein 
the derivatized protein is^infeulin that is 'mono- acylated at 
the LysB29-Ne amino group/ofl/insulin. 

52. The amorphous i^ixiecipitate of C laim 51, wherein 
the derivatized protein i^acylated with a fatty acid 
selected from the group consisting of n-hexanoic acid, n- 
heptanoic acid, n-octanod^ acid, n-nonanoic acid, and n- 
decanoic acid. / 

53. The amorphous precipitate of Claim 52, wherein 
the derivatized protein is selected from the group 
consisting of B29-Nc-hexGLnoyl-human insulin, B29-Ne- 
octanoyl -human insulin, and B29-Ns-decanoyl-human insulin. 

54. The amorphous precipitate of Claim 51, wherein 
the derivatized prot/ein is acylated with a fatty acid 
selected from the group consisting of n-dodecanolc acid, n- 
tetradeceoioic acid/ and n-hexadecanoic acid. 

55. The/ amorphous precipitate of Claim 50, 
wherein the fattV acid-acylated insulin is a di-acylated 
insulin that is acylated at the LysB29-Ne-amino group and Is 
also acylated att one N-terminal Na-amino group, and wherein 
the fatty acid Lb selected from the group consisting of n- 
hexanoic acid, /n-hepteuioic acid, n-octanoic acid, n-nonano'lc 
acid, and n-decanoic acid. 
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56. The cunorphous preclpitater of Claim 49, wher In 
the derlvatized protein is insulin tha/t is adyletted with a 
branched -chain, saturated £atty acid./ 

57. The amorphous precipitate of Cl aim 56, 
wherein the branched, saturated fatty acid has from three to 
ten carbon atoms in its longest branch. 

58. The amorphous precipitate of Claim 48, 
wherein the derivatized protein As a fatty adltt^acylated 
insulin analog. / 

59. The amorphous precipitate of Claim 58, 
wherein the derivatized protein is an insulin "analog that is 
acylated with a straight-chain, saturated fatty acid. 

60. The amorphous precipitate of Claim 59, 
wherein the derivatized ^j^Mjtein is mono-acylated at the Ne- 
amino group. / \J J 

61. The amorbhJwiB precipitate of Claim 60, 
wherein the derivatizea^>rotein is acylated wxtn a fatty 
acid selected from the jgroup consisting of n-hexanoic acid, 
n-heptanoic acid, n-octtanoic acid, n-nonemoic acid, and n- 
decanoic acid. / 

62 . The amdrphous precipitate of Claim 61, 
wherein the derivatized protein is selected from the group 
consisting of fatty jkcid- acylated animal insulins, fatty 
acid- acylated monomeTric insulin analogs, fatty acid- acylated 
deletion analogs, and fatty acid-acylated pl-shifted insulin 
analogs . / 

63. The /amorphous precipitate of Claim 62, 
wherein the derivatized protein is fatty acid-acylated 
des {B30) -human ixilbulin analog, fatty acid-acylated 
LysB28,ProB29-hiuhan Insulin analog, or fatty acid-acylated 
AspB28-hiiman insnilin analog. 

64. "pie amorphous precipitate of C laim 63, 
wherein th deAvatized protein is fatty acid-acylated 
des (B30) -humaxu insulin analog. 
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65. The amorphous precipitate of C laim 60, 
wherein the derivatized protein is aoylated with a fatty- 
acid selected from the group consisting of n-dodecanoic 
acid, n-tetradecanoic acid, and n-haxadecanoic acid. 

66. The amorphous precipitate of Claim 65, 
wherein the derivatized protein is/ selected from the group 
consisting of fatty acid-acylated/einimal insulins, fatty- 
acid- aoylated monomeric insulin afnalogs, fatty acid-acylated 
deletion analogs, and fatty acicy-acylated pi- shifted insulin 
analogs . 

67. The amorphous pifecipitate of Claim 66, 
wherein the derivatized protein is fatty acid-acylated 
des(B30) -human insulin analog, fatty acid-acylated 
LysB28,ProB29-human insvil in /analog, or fatty acid-acylated 
AspB28-h\imsui insulin anaL 

68. The amorpiioi|B precipitate of Claim 67, 
wherein the derivatizedWoCein is fatty acid=at:ylated 
des (B30} -human insulin anEJ.og. 

69. The amorphous precipitate of Claim 68, 
wherein the derivatized/protein is B29-Ns-rayristoyl- 
des (330) -human Insulin /analog. 

70. The amoifphous precipitate of Claim 69, 
wherein the derivatized protein is B28-N£-myristoyl- 
LysB28,ProB29-human i'nsulin analog. 

71. The amorphous precipitate of Claim 58, 
wherein the derivatized protein is an insulin analog that is 
acylated with a braiiched- chain, saturated fatty acid. 

72. The/amo3T)hous precipitate of Claim 71, 
wherein the branched chain, saturated fatty _asid has from 
three to ten carbon atoms in its longest branch. 

73 . rJ suspension formulation comprising an 
insoloible phase' and a solution phase, wherein the insoliible 
phase is con^rised of the amorphous precipitate of Claim 44, 
euid the solution phase is comprised of water. 
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74 . A suspension formulation comprising an 
insoliible phase and a solution phase, wherein the insoluble 
phase is comprised of the amorphous precipitate of Claim 45 
and the solution phase is comprised of /water. ^ 

5 75. The suspension formulation of Claim 41, 

wherein the solution phase is further/ comprised of a 
phenolic preservative at a concentration of about 0.5 mg per 
mil to about 6 rog per mL of solutiozu a pharmaceutically 
acceptable buffer, and an isotonicxty agent. 

10 76. The suspension formulation of Cl aim 75, 

wherein the solution phase is further comprised of insulin, 
tl an insulin analog, an acylated insulin, or an acylated 

insulin analog. / 

77. The suspension yformulation of Claim 76, 
15 wherein the solution phase/iLf coi^rised of insulin. 

78. The suspenJioAf^Etonulation of Claim 76, 
wherein the solution phase-As comprised of an~"jLSi&ulin 
analog. / 

79. The suspension formulation of Claim 78, 

20 wherein the insulin analog Is a monomeric insulin analog. 

80. The suspension formulation of Claim 79, 
wherein the insulin analog is LysB28, ProB29-hx3iHaa insulin 
analog . / 

81. The suspension formulation of Claim 73, 

25 wherein the solution /phase is further coirprised of zinc eaid 
protamine, wherein t/he ratio of zinc to derivatized protein 
in the suspension formulation is from about 5 to about 7 
mole of zinc atoms /per mole of derivatized protein, and the 
ratio of protamine to derivatized protein in the suspension 

30 formulation is from about 0.25 mg to about 0.5 mg per mg of 
derivatized protc^in. 

82. A/process for preparing the amorphous 
precipitate of C laim 45 comprising; 
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a) 



b) 



dissolving a derivatized protein, a hexamer- 
stabilizing compo\and, anp a divalent metal 
cation in an aqueous solvent having a pH that 
will permit the formation of hexamers of the 
derivatized protein, gnd 
adding a con^lexing c/ompound. 
A process for preparing the amorphous 



precipitate of Claim 45 conpris^i)/ 

a) dissolving a 
st£d3ilizing < 
cation in an 
will not permi, 
the derivati: 



b) 



adjusting tl 
about 7.8 



it^zed protein, a hexamer- 
id a divalent metal 
leous solvent having a pH that 
the formation of hexamers of 
protein, and 
(b pH to between about 6.8 and 



c) adding 

84. A meth 
administering the foj 
need thereof in a 
glucose levels in 



eomplexing compound, 
of treating diabetes comprising 
ilation of Claim 73 to a patient in 
itity sufficient to regulate blood 
patient . 



